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Preface 

The rapid growth of science and technology in the 
twentieth century is nowhere more obvious than in the 
fulfillment of man’s ancient dream of flying through 
the air. Born within the lifetime of most people living 
today, the airplane and, more recently, space vehicles, 
have removed the barriers of time and space from 
man’s ability to move from one place to the other. 
The modern airplane represents one of the earliest tech- 
nologies to require a close association of scientists, 
engineers, and industrialists. No single human mind 
could acquire the knowledge or develop the skills 
necessary to design, build, and operate a jet aircraft or 
a space vehicle like the Apollo. Modem man has be- 
come accustomed to numerous technological develop- 
ments, such as nuclear energy, high-speed electronic 
computers, and automated machinery. But it was the 
airplane that first advanced from the creation of a 
pioneer inventor to the work of specialists who co- 
ordinate their efforts for a product far beyond the 
capacity of a single individual. 

The purpose of this unit is to describe the evolution 
of mechanical flight from the time that man could only 
dream of flying to the modern Aerospace Age when 
human flight has become almost as routine as travel 
by automobile. The first chapter contains a brief view 
of the aerospace environment and the nature of tech- 
nological changes brought by the aerospace revolution. 
The chapter describes how man, in a relatively short 
period, advanced the flying machine from the simple 
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design of the Wright brothers’ biplane to the com- 
plexities of the Apollo spacecraft. 

In the second chapter, the story shifts to ancient 
man and his early efforts to imitate the flight of birds. 
For centuries, he considered the problem of human 
flight only in terms of simple downward and backward 
arm motions similar to swimming in water. Not until 
he learned to adapt his machines to the flow of air 
about them did he achieve sustained and controlled 
flight. Although his experiences with balloons and 
dirigibles led him for a brief period away from his pri- 
mary objective of winged flight, they enabled him to 
learn more about basic aerodynamic principles that 
control the flight of winged aircraft 

Sir George Cayley was the first man to set forth the 
basic aerodynamic principles that led to the develop- 
ment of the airplane. Beginning with Cayley’s experi- 
ments, the text traces the process by which man learned 
to propel a winged aircraft through the air. The story 
is one of constant change as the airplane advanced 
through a series of complicated steps that ultimately 
brought modem aerospace flight. Not only did the 
shape and design of the airplane change as its speed 
increased from 30 to 4,000 miles per hour. Aviation 
technology also advanced from piston to jet engines, 
from wood and fabric construction to steel, aluminum, 
and titanium, and from bridgelike trusses to thin metal 
shells reinforced by metal beams. Then came the 
rocket and the fantastic flights of spacecraft to the 
moon and outer space. Finally, the text provides the 
reader with a glimpse into the future and further mo- 
mentous developments as aerospace technology con- 
tinues to advance. 
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An Inlroduclion 



THIS CHAPTER If on Intreducllon to tht Aorospoce 
Age and Its Impoct on modern tronsportotlon tyf- 
tems. First, it describes the ochtevements of winged 
olrcroft in setting new records for speed, dis* 
fence, ond oltltvde ond the effects of rapid tech* 
notoglcol change on world travel. Next, It pro* 
vides o brief review of man's ocoompllshments 
In the space environment, with primary ottentfon 
to the scope ond Impoct of the Apollo program. 
When you have studied this chapter, you should be 
oble to do the feUowIng; (1) dlscuu the Impact of 
the Aerospoce Age on mon's ability to transport 
himself from ploce to place; (2) Identify some of 
the mo|or aerospoce developments since the intro- 
duction of the Air Age In 1903 and the Spoee 
Age In the late fifties; ond (3) deKribe the scope 
of the US manned spoce program. 



T TUMAN PROGRESS is closely linked to 
A the development and improvement of 
transportation systems. Even before the in- 
vention of the wheel, man used sleds and 
similar conveyances to move from place to 
place. As crude as early modes of transpor- 
tation were, they played a major role in the 
lives of individuals and groups of individuals. 
They provided the necessary mobility for 
the satisfaction of physical needs, but, more 
importantly, they encouraged the exchange 
of ideas and the development of human as- 
sociations. They were, in effect, controlling 
forces in the evolution of civilized society. 

The discovery of the wheel marks the 
first major advance in man’s quest for better 
transportation (Fig. 1). With the wheel, 
man entered a world of machinery and me- 
chanical change. Through the centuries, he 
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i-igure I. Discoveiy of the wheel led to modern transportation systems. 

developed the wheelbarrow, two- and four-wheeled carriages, the 
steam locomotive, the automobile, the ocean liner, and the airplane — 
all designed to carry cargoes faster and farther. Each new develop- 
ment was a step forward in the search for better transportation; each 
brought a revolution in the lives of people. 

No other mode of transportation has had a greater impact on the 
world than aviation. When man discovered the secret of powered 
flight, he shrank the wnr.d and provided the means eventually of 
reaching any point on the earth’s surface in a day’s travel time. Before 
the airplane, he was confined to land and water transportation and re- 
stricted by nrtural barriers, such as mountains, oceans, and forests. 
Aerospace contains no such physical barriers. It is a vast area extend- 
ing upward and ( Utward from the earth’s surface, consisting of atmos- 
phere. a transition zone, and space. It is a field of activity which em- 
braces both aeronautics* and astronautics.** It extends into all areas 
of human endeavor, including national security, space exploration. 



•The art, science, or business of designing, manufacturing, and operating vehicles that 
ove through the air. . . . , . 

•• The art or science of designing, building, and operaUng space vehicles. 
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transportation, and communication. The aerospace environment pro- 
vides an almost unlimited medium for man to reach remote spots on 
the earth, world population centers — and even the moon. 

THE AEROSPACE ENVIRONMENT 

In Cleopatra’s day. Anthony could travel no faster than his horse 
could carry him. Eighteen centuries later, Benjamin Franklin, a versa- 
tile inventor in a young and rapidly developing nation, still could 
travel no faster than his most able horse. Then, at Rainhill, England, 
in the 1830s, George Stephenson’s steam locomotive proved that man 
could move on the earth’s surface at the startling rate of almost 50 
miles per hour. In the early days of the Air Age 100 years later, a pilot 
named Jimmy Doolittle shattered all records when he flew an airplane 
at a speed of 252 miles per hour. Then came World War II, and the 
quest for speed in 1944 led to the production of fighter planes clock- 
ing 470 miles per hour. 

For something like 50,000 years, man had been accustomed to trav- 
eling no faster than 35 miles per hour. Suddenly, in a period of ap- 
proximately 100 years, he became able to travel from 50 to 470 miles 
per hour as a matter of routine. During an additional few years follow- 
ing World War II, he broke heat and sound barriers within the earth’s 
atmosphere at speeds over 2.000 miles per hour. Aerospace research 
vehicles have achieved speeds greater than 4,000 miles per hour at al- 
titudes over 350.000 feet. The Boeing 747 jumbo jet carries as many 
as 490 passengers at subsonic* * speeds well over 600 miles per hour, 
and the time is at hand when supersonic** airliners like the French 
Concorde and the Russian Tupolev TU-144 will transport people at 
speeds of 1.200 to 1.550 miles per hour. The capstone of all speed 
records came with the Apollo flights when man achieved speeds up to 

25.000 miles per hour through space. 

Unbelievable rates of speed with which modem man moves from 
place to place arc fantastic achievements in themselves. Perhaps the 
most startling thing about the Aerospace Age is the bursting technol- 
ogy and rapid change which it represents. The Stone Age lasted almost 

50.000 years. In the twentieth century alone, man has moved in swift 
succession through the Air Age, the Atomic Age, the Missile Age, the 
Space Age, to the Aerospace Age, intermixed with electronics and au- 
tomation. Technology rushes headlong into the future; the newest suc- 



* Pertaining to speeds less than the speed of sound. 

• • Pertaining to the speed of an object moving at a speed greater than mach. 

IX 
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Figure 2. Wright Ffyer No. 3 introduced the Air Age. 

ceeds the new. Man advances so rapidly from one age to another that 
a relatively short period of time can bring an entirely new age with 
new changes and innovations. 



The Air Arc 

The Wright brothers introduced the Air Age in 1903 with a glider 
equipped with a rebuilt automobile engine (Fig. 2). Their first Flyer 
remained in the air for 12 seconds at a speed of 30 miles per hour, 
rheir third Flyer reached a speed of 38 miles per hour and, in their 
words, “conquered the air.” Following the Wright brothers’ achieve^ 
ments. improvements in aircraft design came in rapid succession as 
aviation enthuiasts in America and Europe demonstrated the miracle 
of fl 3 ring to thousands of people. 

Comparisons of modem aircraft with those of earlier years are al- 
most as impossible as comparisons of modem automobiles with cov- 
ered wagons. For example, it took Charles A, Lindbei^ 33Vi hours 
in the Spirit of St. Louis to cross the Atlantic Ocean. Military and 
commercial jets of today fly the same route taken by Lindbergh in less 
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than onc-third the time. People now travel coast to coast in the United 
States by jet aircraft in less than four hours, approximately one-half 
the time required by aircraft with piston engines and 16 times faster 
than the best rail service. They can travel to the capital of any country 
in the world more readily than George Washington could reach Phila- 
delphia by stagecoach from Mount Vernon. In 1903. a man in New 
York planning to spend Christmas day in California would have al- 
lowed at least four days for travel by train. If he had an automobile, 
he would have left New York by the middle of October to reach Cali- 
fornia in time for Christmas. Today, he can telephone his travel plans 
to California early on Christmas morning and arrive by jet fli^t in 
time for dinner. 

Some of the most amazing advances in aerospace have come during 
the past 10 or 15 years. Not only has man continued to set speed and 
altitude records; he has added rockets, missiles, and aerospace vehi- 
cles* to his inventory. At the same time, he has improved the endur- 
ance and usefulness of winged airciaft. In 1958. an Air Force C-133 
Cargomaster established a weight lifting record when it carried 

1 17.000 pounds of cargo to an altitude of 10,000 feet. Ten years later, 
the C-5 Galaxy, the giant of aircargo transportation, became opera- 
tional with jet engines twice as powerful as any in existence (Fig. 3). 
This plane has a cargo floor longer than the first flight made by the 
Wright brothers. Its cargo compartment will house six Greyhound 
buses or 100 Volkswagens. It can span the Pacific Ocean non-stop 
from California to Japan in a matter of hours and carry a cargo of 

265.000 pounds under emergency conditions a distance of 2.700 naut- 
ical miles. Also during this period came the initial flights of supersonic 
bombers and airliners, mach 3-plus fighters (more than three times the 
speed of sound), and mach 8 research aircraft The Air Force 
F-lllA. for example, is supersonic and is the world’s first aircraft to 
use variable sweep wings. This feature enables the pilot to extend the 
wings for quick takeoff and sweep them back for high speeds. This 
plane has a top speed of mach 2.5 (approximately 1,900 miles per 
hour) at 60.000 feet and a transoceanic range without refueling. 

Similar advances occurred in commercial and civilian aviation dur- 
ing the same period. The Soviet Union launched the first supersonic 
transport, the Tupolev TU-144, capable of carrying 120 passengers at 
1.550 miles per hour. Almost 4,000 commercial jet transports from 

• A reference to three Hnds of flyinft Tehlcle»— the aircraft that flies within the at- 
mosphere. the space-air vehicle that flies both within and above the sensible atmosphere, 
and the true s;ncecraft that flies prindpaUy in space either in orbit or under directional 
control. 
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Figure 3. C-5 Gotaxy'>-’the world's largest airplane. 



countries in all parts of the world flew on regular .schedules. Great 
numbers of multlcn^inc (more than 1 engine) turbojet executive-type 
aircraft flew from airports in small urban communities, connecting 
them with the airports of major cities. So massive had air travel be- 
come that the public viewed with increa.sing alarm problems of air pol- 
lution and traffic congestion, the byproducts of powerful engines and 
human demands for speed. 

In 1954. the Boeing 707 jet revolutionized air-passenger transporta- 
tion with far greater speed, comfort, and safety than had been possible 
with propeller-driven aircraft. Fourteen years later, in 1968. this huge 
transport, with its capacity for 180 passengers, appeared to shrink 
when the Boeing 747 jumbo jet rolled from the assembly lines. The 
747 is the world’s largest and fastest commercial airliner designed to 
fly below the speed of sound (Fig. 4). Other recent additions to the 
family of “advanced technology jets” include the McDonnell-Douglas 
DC-10 and the Lockheed L-101 1 airbases designed to fly over ranges 
from 300 to 3.200 miles at speeds up to 600 miles per hour. 

These are only examples to show the extent to which aviation has 
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Figure A. Boeing 747-fhe world's lorgest eommereiol oirliner. 



nrocrcsscd over the short period of 60 or so years. Numerous other 
modem aircraft, ranging from small one-man helicopters, two-passen- 
ger private planes.' racing planes, and 25-passcngcr airliners to super- 
tonic military and commercial aircraft, have equally distin^ishing 
features adapted to unique needs and requirements. As technology 
continues to advance, still another miracle of the Air Age appears 
the supersonic airliner capable of carrying people from the United 
States to Europe in less than three hours. Already being tested arc air- 
craft with vertical takeoff and landing capabilities provided by jet en- 
gines instead of spinning rotor blades. Such aircraft will revolutionize 
commuter and intcrurban travel. 

This is the Air Age — a time when one instrument of flight y 
becomes familiar before another appears. What is current today is ob- 
solete tomorrow. From a two-dimensional world of surface and sub- 
surface travel, man has created a three-dimensional world through a 
vast ocean of air which makes oceans on the earth seem like ponds in 
comparison. He now measures distance not in miles, but in terms of 
minutes, hours, light-years, and parsecs (3.26 light-years). He has 
learned that the earth is not round and that the most direct route to the 
Orient requires headine north, not west. He streaks through the ai 
faster than the speed of sound and strives impatiently for new systems 
In the process, he creates strange new problems that cither threaten 
him and his environment or pose challenges for further accomplis - 
ments. 

The Space Arc 

The decade of the 60s saw miraculous advances in the technology 
of winged flight. The most spectacular and electrifying achievements, 
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however, came with the launching of the Space Age. For centuries, 
man had dreamed of traveling through space to the moon and planets. 
He had experimented with rockets, designed spaceships, and nibbled at 
the edge of space in balloons and winged aircraft. And then suddenly, 
in July 1969. after a breathtaking flight across 233,000 miles of space 
at speeds up to 25,000 miles per hour, he left his footprints on the face 
of the moon while more than 500 million of his fellows watched on 
their television sets. This was the pinnacle of technological achieve- 
ment — the age of electronics, missiles, rockets, and automation, each 
playing an appropriate role as three American astronauts completed 
their lunar visit and returned to the planet Earth. 

Man’s trip to the moon actually began on 4 October 1957 when the 
Soviet Union launched Sputnik I, the world’s first man-made moon. 
This spherical satellite weighed 184 pounds and carried two battery- 
powered radio transmitters. Quickly on the heels of Sputnik I came 
Sputnik II on 3 November 1957, weighing 1,120 pounds and carrying 
a live dog. medical recording equipment, radio transmitters, and in- 
struments for recording X-rays and cosmic rays. On 31 January 
1958. the United States launched its first orbiting satellite. Explorer I, 
weighing 18 pounds with a payload of instruments for checking cosmic 
rays, temperature, and micrometeoroids.* Since 1958, with names un- 
heard of only a few years ago, such American satellites as Explorer. 
Vanguard, Echo, Ranger, Tclstar, Relay, Syncom, Mariner, Nimbus, 
Tiros. Comsat, and others have orbited the earth, moon, sun. and sev- 
eral planets. In slightly over 10 years, the United States alone has 
launched more than 240 space flights involving as many as 90,000 sci- 
entists, 20,000 industrial firms, and 100 universities. 

Manned spaceflight represents the most dramatic achievement of 
the Aerospace Age primarily because man proved that he could live 
and function in the hostile space environment. By nature, man can 
only adapt to an environment closely resembling the earth’s environ- 
ment. His survival depends upon adequate oxygen, atmospheric pres- 
sure. temperature control, and the absence of toxic agents. To main- 
tain such an environment in space, he must carry hundreds of pounds 
of complex equipment with him and learn to cope with problems asso- 
ciated with confinement, isolation, and radiation. To reach the space 
environment, he must overcome high-gravity forces within the earth’s 
atmosphere, control his spacecraft, and then return to the earth. The 
technology of manned spaceflight requires the knowledge gained from 

• A Tcry small, solid body encountered by earth satellites, probes, or the tike. 
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unmanned satellites and the mechanical design for human survival and 
flight control. With the Apollo flights to the moon, man demonstrated 
that he could master unbelievably complex problems of design, fabri- 
cation, assembly, propulsion, control, and communication necessary 
for human flight in space. In little more than a decade, he advanced 
from the technology of a tiny Explorer I satellite the size of a grape- 
fruit to the technology of Apollo, a mechanical monster 36 stories high 
weighing millions of pounds. 

The manned space program in the United States began with the or- 
ganization of Project Mercury in October 1958. Shortly thereafter, in 
1961, people gazed in disbelief as they observed what appeared to be 
the enactment of science fiction drama. First came the announcement 
that Russian Cosmonaut Yuri Alekseyevitch Gagarin was orbiting the 
earth aboard a five ton spacecraft at altitudes of 1 10 to 188 miles and 
speeds greater than 17,000 miles per hour. Soon after this event, a 
similar Russian spacecraft traveled more than 400,000 miles around 
the earth at a speed of about 1 7,000 miles per hour. In the same year, 
American Astronaut Alan B. Shepard made a suborbitai* flight at a 
top speed of 5,000 miles per hour and landed 15 minutes later about 
300 miles from Cape Kennedy, Florida (Fig. 5). Less than a year 
later. Astronaut John H. Glenn, Jr., made the first American orbital 
flight at a speed of almost 17,500 miles per hour. During a period of 
three years, six different flights under Project Mercury proved that 
high-gravity forces at launch and weightlessness in orbit does not af- 
fect man’s ability to operate in space. 

Following the Mercury flights came even more astounding feats in 
space as pairs of American astronauts made 10 different spaceflights 
under Project Gemini between March 1965 and November 1966. Just 
as Project Mercury proved that manned spaceflight was possible. Pro- 
ject Gemini markCvi the beginning of two-man flights in larger space- 
craft for periods as icn;. as 14 days (Fig. 6). The Gemini flights in- 
cluded numerous scientific and technical experiments ranging from 
simple visual definitions to complex orbital docking and rendezvous 
procedures. These experiments provided further proof that man could 
perform efficiently under the rigid requirements of the space environ- 
ment 

The Apollo project is the largest and most complex technological 
program ever undertaken by man. The giant Saturn 5 rocket and the 
3.5 million parts in the Apollo spacecraft sjrmbolize the highest point 

* The night of a satellite on an orbiting trajectory, but ending short of a complete orbit. 
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Figure S. The US monned space progiom begon with Projed Mercury, which used smoll 
ane mon capsules to prove mon'i obility to operote In ipoee. 
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Figure 6. P^oiect Gemini wos o follow-on program to Proiect Mercury, which Included 
orbitol flights of longer durotion ond complex moneuvering procedures, such os docking 

ond rendezvous. 



in engineering and manufacturing achievements of the twentieth cen- 
tury. Not only did the task of building the Saturn 5/ApoIIo spacecraft 
require entirely new approaches to engineering problems, the facilities 
for transporting and assembling the various stages of the Apollo sys- 
tem are themselves miracles of engineering technology. Both the 
Apollo and its ground support facilities arc first-hand examples of 
man’s technological progress since the days of the Wright brothers 
(Fig. 7). 

The Apollo was designed under extreme weight limitations to oper- 
ate in an airless, weightless environment. This required the develop- 
ment of lightweight materials and miniature electronic components 
that engineers had never considered before. To save weight, engineers 
developed new types of paint and insulation. They built delicate com- 
puters and navigation equipment with many components too small for 
the naked eye to see. The 12-foot tall Apollo command capsule con- 
tains enough electrical wiring for 50 two-bedroom homes, and in the 
Saturn 5 rocket arc 2.5 million soldered electrical connections. So deli- 
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cate is the floor of the lunar landing vehicle that workmen stand on a 
device similar to a diving board while they work. 

The Saturn 5 launching system consists of three different rockets 
stacked vertically. At various stages of launch, these rockets develop a 
total power equivalent of approximately 160 million horsepower. 

Wemher Von Braan, the chief designer of the Saturn 5, once stated 
that it was powerful enough to hurl a Volkswagen completely out of 
the solar system. So effective is the insulation of the liquid-hydrogen 
and liquid-oxygen fuel tanks (one and one-half inches thick) that ice 
cubes placed inside them would not melt during a period of several 
years. 

It takes approximately three years to manufacture and assemble the 
three stages of the Saturn 5/Apollo spacecraft at plants located 
throughout the United States. The Boeing Aircraft Company assem- 
bles the first stage at a plant near New Orleans; the North American 
Rockwell Corporation builds the second stage in California; and the 
McDonncll-Douglas Astronautics Company manufactures the third 
stage at Huntington Beach. California. North American Rockwell as- 
sembles the command and service sections of the Apollo spacecraft, 
and Grumman Aircraft Engineering (Corporation at Long Island. New 
York, builds the lunar landing craft These components finally come 
together in Florida at the vertical assembly building of the Kennedy 
Space Center. This building is more than 50 stories high and is so 
large that, before it was air conditioned, clouds formed near the ceiling 
and produced indoor rainfall. 

Inside this building, engineers mount the various stages of the 
spacecraft on a launch platform the size of a baseball diamond. 
Roughly two months before a scheduled launching, the world’s largest 
doors swing open, and a giant caterpillar-type crawler emerges with a 
moon rocket 36 stories high and a launch tower for workers. On 
tracks 10 feet high and 40 feet long, the crawler moves at less than 
one-half mile per hour to the launch site three and one-half miles 
away over a road wider than an eight-lane freeway. The moon rocket, 
launch tower, launch platform, and crawler weigh more than 17 mil- 
lion pounds. 

This is the environment of the Aerospace Age — a period of speed 
and mobility and a time of technological extremes. As a teenager, the 
middle-aged man of today depended for transportation on his ability 
to walk, ride his bicycle, or borrow the family automobile. The mod- 
em teenager may jump astride his high-speed motorcycle and ride 
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hundreds of miles to vist his girl friend, or he may make the journey in 
a comfortable late model automobile. No longer is he confined to sur- 
face travel, however. He now has at his disposal winged aircraft that 
fly faster than the speed of sound. He stands at the threshold of space 
with vehicles capable of reaching the moon and the stars. Just as these 
vehicles have completely revolutionized his methods of travel, they 
have also produced major changes in other vital areas of his life. One 
of America’s first aircraft pilots. Charles A. Lindbergh, spoke of these 
changes in 1969 as follows: 

. . . Probably no devices of science and technology are more re- 
sponsible than the airplane and the rocket for this revolutionizing of the 
environment — all life, not only man’s. They impinge heavily on the 
politics, economy, and tempo of all major nations. They have made the 
remotest comers of the world immediately accessible to commerce, and 
immediately vulnerable to war. Our profession has helped to remove 
what was possibly the greatest safeguard to life in aeons past: the buffer- 
ing effect of relatively slow travel. 

SUMMARY 

The aerospace environment is an environment of rapidly changing 
and advancing technology. It is an environment of speed and mobility 
and changing patterns of life based on high-speed transportation. Man 
barely becomes familiar with one aerospace achievement before he is 
confronted with another. In relatively brief periods, he advances rap- 
idly from new age to new age, making yesterday’s achievements obso- 
lete today. Modem scientists and technicians view nothing as impossi- 
ble; their attitude is that anything governed by general physical laws 
can be achieved with sufficient time, money, and people. 

Man’s entire existence has been marked by a ceaseless struggle to 
advance and improve himself. At various times in his history, he has 
appeared to advance at an accelerated pace, and, at other times, he 
has made little progress. Historians refer to periods of rapid advance- 
ment as great revolutions. So rapid has been man’s technical advance- 
ment in the present age that it has become known as the aerospace 
revolution. In a relatively short period, man has gained dominion over 
an ocean of air in winged aircraft that fly faster than the speed of 
sound and in spacecraft that carry him at speeds over 20,000 miles per 
hour to the moon and back. In the process, he not only drew people of 
the world closer together but completely changed his economic, social, 
and political traditions. 

When the Wright brothers introduced the Air Age, man had spent 
something like 50,000 years traveling no faster than 35 miles per 
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AN INTRODUCTION 

hour. The airplane gave him the ability to move unhampered over sur- 
face barriers at fantastic rates of speed. In slightly over 60 years, the 
airplane has evolved from the toy of a small group of men considered 
as cranks in their day to a common transportation medium and a de- 
structive weapon of war. The history of the airplane in its transporta- 
tion role holds a unique interest of its own. But the technical evolution 
of winged flight is the story of technical progress in the twentieth cen- 
tury. In a very real sense, the process by which the airplane evolved 
explains the process of technical change in other areas of modem life. 
This text traces the story of human flight from the days when man 
only dreamed of flying like birds to the modem age when he made his 
first journey to the moon. It is not a history in the usual sense of the 
word; instead, it shows how technical improvements in aircraft design 
brought man into the world of aerospace. 



WORDS AND PHRASES TO RE^fEMBER 



aeronautics 
aerospace vehicles 
airbuses 
astronautics 
high-gravity forces 
mach 

micrometeoroids 



multiengine 

suborbital 

subsonic 

supersonic 

transoceanic 

variable-sweep wings 

winged aircraft 



NA!VIES TO REMEMBER 



Apollo 
Explorer I 

Gagarin. Yuri Alekseyevitch 
Glenn, John H. 

Lindbergh, Charles A. 
Project Gemini 



Project Mercury 
Saturn V/Apollo 
Shepard, Alan B. 
Sputnik 1 

Von Braun. Wemher 
Wright brothers 



QUESTIONS 

L What is the role of transportafion In a drilized society? 

2, Discuss some of the most significant characteristica of file Aerospace Age, 

3, Cite example to show how rapidly aviation has advanced since file Wright 
brothers introdneed the Air Age in 1903, 

4, What events signalled the coming of file Space Age? 

5, What was file purpose of projects Mercnry and Gemini? 

6, Show how file Apollo program represents the pinnacle of man's technological 
achievement. 
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THINGS TO DO 

1. Make a survey of your community for changes that have come as a result 
of advancing technology. 

2. Find out how many nationally scheduled airlines come into your state. Your 
state departments of commerce or aeronautics may have maps showing 
major airports and scheduled airline routes. 

3. Write to a major airline company and request pictures of their latest air- 
liners, including interior and exterior photographs. 

4. Make a picture collection of US manned and unmanned spacecraft that have 
been launched since World War II. 



An Age-Old Dream 



THIS CHAPTER tvtlf tfi® itoiy of inon's oarfiosf of* 
forh to fulfill hit ogo-old droom of flying through 
tho otn It bogins with somo of ondont mon's 
Itgonds of flight ond hli attempts to fly by Imi. 
toting tho wing morements of birds. It then de- 
fcdbes somo of tho exploits of pioneer bofloonists 
ond tho design of their boHoons. The chapter 
troces tho evolution of lighter thon-olr flight from 
the first freo-flooting botloons to tho giant diri- 
gibles that earried men on hb first scheduled pos- 
senger ffights. When yoo hove studied this chop- 
ter, you should bo oblo to do the following: (1) 
tell when, how, end by whom tho first batons 
were Invented and oxploln hew they were con- 
struded and operotedi (2) describe some of tho 
InnovotSons end expor l me nH thot led to steerable 
boHoons end rigid oirshipsi ond (3) describo tho 
advances In Rghter-HionKiIr flight brought by such 
men os Count Ferdinond von Zeppelin ond Alberto 
Santos-Oumont. 



T\^T AN HAS ALWAYS had the resources 
necessary for flight at his disposal, but 
he has not always known how to use them. For 
something like a half-million years, he lived at 
the bottom of a vast ocean of air and found 
little use for it except to breathe. Although he 
could not see it, he was constantly aware of its 
presence. He not only inhaled and exhaled it 
in breathing but also experienced comfort and 
discomfort as it moved about him. He watched 
it drive clouds through the skies, sweep gently 
over grass-covered fields, or violently uproot 
great trees. Even as he observed the smoke of 
his campfires drifting upward, the flight of his 
boomerangs, or the quick movement of the 
squid, little did he realize that he was witness- 
ing clues to the secret of flight — the action of 
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Figure 8. Man used fhe resources necessary for flight for thousands of years before 
he appreciated their aeronautical significance. 

lighter-than-air substances, air pressure on wing surfaces, and jet pro- 
pulsion. ^ ^ 

For centuries, man created and used a number of devices without 
realizing their significance in aeronautics (Fig. 8). No one knows ex- 
actly when he shot his first feathered arrow into the sky or hurled his 
first boomerang. But both of these devices depend for their success 
upon the action of air on their surfaces. Several centuries before 
Christ, the Chinese applied the helicopter principle in the invention of 
a flying top. They achieved brief flights with this device by rapidly ro- 
uting a lightweight spindle with feathers inserted in it. Long before the 
Christian era, they had used kites to ward off evil spirits and as mili- 
t^ weapons to demoralize their enemies. Chinese legends of the Mid- 
^ Ages speak of monster kites capable of lifting men into the air 
The vertical windmill with its horizontal shaft is a product of ancient 
Rome. Kites in reality are crude forms of airplanes in the sense that 
^y are supported in the air by the action of wind upon their surfaces. 
The wmdmrn is obviously a propeUer. It was centuries, however, before 
man recognized the aeronautical principles applied by these devices— 
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the windmill as a propeller in 1784 and the kite as an airplane wing in 
1804. 

Although it took thousands of years for man to discover the secret 
of powered flight, his dream of flying no doubt began when he first 
observed the graceful flight of birds. Restricted as he was in his ability 
to move from place to place, he could only gaze in admiration or envy 
as they soared freely through the ocean of air above him. For centu- 
ries, he reasoned that, if birds and other creatures could fly, he could 
also fly if he had suitable mechanical aids. He made little progress 
with the problem of flight, however, until the first balloon rose into the 
air less than 200 years ago. He took even longer to achieve powered 
flight — not until the first decade of the twentieth century. 

THE BEGINNINGS OF HUMAN FLIGHT 

Inspired with an impossible dream, man could only endow his gods 
and other superhuman creatures with the gift of flight. In myth, reli- 
gion, and legend, he recorded the flights of his heroes, gods, and 
prophets and even invested himself at times with the power of flight. 
As celestial voyages and other aerial activities increased, prophets in 
every land foretold conquest of the air. From myths and legends came 
the aerial fiction of later years when man began to make imaginary 
flights through space in giant airships. Still later came the real flight 
pioneers and adventurers who set out to prove by example man’s abil- 
ity to fly like the birds. Boldly and often foolishly, they equipped 
themselves with flapping wings and jumped from towers and other 
high places, frequently to their death or dismemberment. Others con- 
tented themselves with drawing sketches of crude flying machines or 
describing in detailed accounts the possibilities of human flight. 

Myths and Legends of Flight 

Quite early in the evolution of civilized society, man allowed his 
imagination to soar when he realized his physical inability to fly. Heaven 
and earth became the abode of flying demons and dragons, angels and 
devils, winged horses, and gods with winged sandals. Every civilization 
had its winged heroes, gods, and demigods. Ancient Persia had its 
winged bulls guarding the temples of its gods. The Norse gods Thor 
and Odin and the German Valkyrie descended on wings to battlefields 
on earth and returned to Valhalla with slain heroes. The Greek god 
Hermes, also known as the Roman god Mercury, was a messenger god 
with winged sandals. Bellerophon of Corinth is said to have ridden the 
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winged horse Pegasus when he destroyed a monster from the air en- 
dangering the lives of beautiful maidens. Pegasus may have been the 
world’s first dive bomber! 

The Chinese claim the first recorded story of man in flight. In the 
Annals of the Bamboo Books, the Emperor Shun as a boy 4,000 years 
ago donned the wings of a bird to escape from captivity. On another 
occasion, his father ordered him to the top of a tall granary and then 
set it afire. The young emperor escaped by floating to the ground with 
the aid of two wide-brimmed reed hats. He may well have been the 
first parachutist! Eighteen centuries before Christ, a Chinese god of 
thunder and lightning sailed through the heavens on a flying chariot. 
Sixteen hundred years later, a Chinese apothecary gained the power of 
flight by means of a specially concocted elixir. As he rose above the 
earth, he dropped his flask in a barnyard, and the animals also took 
off after sampling the elixir. 

According to Persian folklore, an ancient ruler by the name of Kai- 
kaus had a throne pulled through the air by hungry eagles as they 
flapped their wings to reach meat impaled on spears just beyond their 
beaks. Other accounts speak of Alexander the Great in a cage drawn 
through the air by winged griffins. In Europe, Wayland the Smith flew 
with the aid of a shirt made of feathers. In Africa, an invisible warrior, 
Kibaga, dropped rocks from the sky on his enemies until they brought 
him down with arrows shot blindly into the air. 

One of the best known flying legends is the Greek story of Daedalus 
and Icarus, a father and son who escaped from the island of Crete after 
being imprisoned by King Minos (Fig. 9). To reach the distant island 
of Sicily, they built wings of feathers and wax. According to the story, 
Icarus impulsively flew too near the sun; his wings collapsed when the 
wax melted; and he plunged to his death in the sea below. Modem 
fliers of course read this legend with amusement because they know 
that temperature decreases at upper levels of the atmosphere. Rather 
than extreme heat, Icarus p; *>bably would have had the problem of ice 
formations on his wings. On the other hand, some observers, H. G. 
Wells for example, believe that this legend may contain an element of 
reality. Quite possibly, Daedalus built a large glider and took advan- 
tage of updrafts from the steep cliffs that rise from the sea in Crete. 
Icarus may have died in a brave but foolish experiment. 

The first concrete expression of man’s desire to fly occurred about 
400 B.C. when Archytas, a Greek philosopher and disciple of Pytha- 
goras, constructed a wooden pigeon. Although little is known about 
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Figure 9. Man expressed hts desire to fly In myths, legends, ond folklore for thousands 
of years before he discovered the secret of flight. 

the details of construction, an obscure Roman historian states that this 
man*‘made bird flew by means of **hidden and enclosed air*’ activated 
by “some lamp or fire within it.” Modem historians believe that Ar- 
chytas may have suspended his device by wires from a revolving arm 
turned by steam. At any rate, this ancient dreamer obviously created 
something more than a kite or hand-propelled toy. 

In addition to the myths and legends of flight, fiction writers and 
story tellers of later years provide still further evidence of man’s con- 
tinuing interest in flying. Roger Bacon, an early British scientist, sug- 
gested in 1256 A.D. that the surface of the atmosphere consisted of 
“liquid fire” or “ethereal air.” Bacon proposed two methods of achiev- 
ing flight. He believed that, if he could obtain “ethereal air,” he could 
enclose it in copper spheres and rise aloft as a cork rises on the surface 
of water. A second alternative was an instrument with flapping wings 
for man to use in capturing “liquid fire.” A French writer of science 
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fiction, Cyrano de Bergerac, suggested the passage of heated air 
through a square capsule for a trip to the moon. Edgar Allan Poe, 
Jules Verne, H. G. Wells, and others wrote detailed accounts of imagi- 
n»jy transoceanic flights, journeys through space to the moon, and or- 
biting passenger aircraft. 

These early accounts of human flight have little if any scientific 
basis. They are the expressions in legend and in fiction of man’s undy- 
ing urge to fly. Although they are largely imaginary, they were the ve- 
hicles by which early man kept alive his longing for wings. They en- 
couraged the will to fly and ultimately led to daring and often foolish 
exploits by men who believed that they had discovered the secret of 
human flight. These men were the tower jumpers and the wing flap- 
pers whose simple adventures and failures led to searches for the se- 
cret in other areas. 



Tower Jumpers and Wing Flappers 

For thousands of years, man attempted to fly by imitating the flight 
of birds. He therefore considered the problem of fli^t only in terms of 
artificial wings flapped by the movement of his arms and legs. The 
first accurate report of such a flight occurred in the eleventh century 
when an unnamed “Saracen of Constantinople” donned a cloak stiff- 
ened with willow poles and leaped to his death from the top of a 
tower An English monk of the same period also fashioned some wings 
and flew “more than a furlong” before he broke his legs. He con- 
tended that he fell only because he had not attached a tail to his 
“hinder parts.” Five hundred years later, an Italian adventurer named 
John Damian broke his thigh bone when he attempted to fly from the 
walls of Stirling Castle. 

The most noteworthy of these early aeronauts was Leonardo da 
Vinci, the first scientific pioneer in the field of aviation. Like his con- 
temporaries, however, da Vinci believed that man could fly only by 
imitating birds in flight, that is, by swimming through the air with flap- 
ping arm motions similar to swimmers in water. He was an avid stu- 
dent of birds, and, from his studies, he concluded correctly that the 
flow of air over a bird’s wing provides lift — the faster the flow, the 
greater the lift. He designed several omithopters or flapping-wing air- 
craft, believing that he could achieve flight by rowing the wings down- 
wards and backwards in the same manner that birds move their wings 
(Fig. 10). Da Vinci made two basic mistakes in the design of his omi- 
tliopters. Without the benefits of high-speed photography, he did not 
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Figure 10. Leonardo do Vinci searched for the secret of flight in o flapping-wing aircraft 
known os the ornithopter. 

recognize that the action of birds’ wings in flight involved much more 
than simple downwa).’d and backward strokes. This fact alone made his 
ornithopter an impractical instrument of flight., He aiso did not recog- 
nize that a man could not generate sufficient muscle power to sustain 
flight by flapping the wings of his cumbersome machines. Strangely 
enough, however, a contemporary of da Vinci equipped himself with 
flapping wings and supposedly made several faltering glides over Lake 
Trasimeno. 

Despite da Vinci’s misplaced ingenuity in the design of omithopters, 
he did design what would have been practical aviation devices had his 
works been discovered earlier. For example, his aeronautical notes 
contain a marginal sketch of a pyramidal-shaped parachute that would 
enable a man to “throw himself down from any great height without 
sustaining any injury.” He also designed and flew a small helicopter 
equipped with a crude form of airscrew (mrcraft propeller) that oper- 
ated from some sort of spring mechanism. Although da Vinci kept vo- 
luminous notes on his experiments with air and centers of gravity, his 
works did not become known until the latter part of the nineteenth 
century when aerodynamics’*’ had already become an exact science. 

With increasing numbers of wing-flappers jumping to their death, it 
became obvious that muscle power would never be sufficient to sustain 
man in flight. Progress in heavier-than-air flight suffered a serious set- 



* That field of dynamics concerned with the motion of air and other gaseous fluids, 
or of forces acting on bodies in motion relative to such fluids. 
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[ Figure 11. Froncesco de Lono's vocuum*boltoon airship. 

i back when G. A. Borelli, an Italian scientist, gave a forceful demon- 

stration in 1680 to prove that man’s pectoral and leg muscles were too 
/ weak to carry his weight through the air. Borelli stated: “It is impossi- 

ble that men should be able to fly craftily by their own strengA.” He 
concluded that he had “no faith in any invention designed to lift man 
from the earth.” Other distinguished men of his day agreed with him, 
and heavier-than-air flight was virtually abandoned for the next 100 
i years. 
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Flying enthusiasts turned next to the possibilities of lighter-than-air 
flight in devices that would float through the air like clouds. In the 
mid-seventeenth century, a Jesuit priest, Francesco de Lana, proposed 
an aerial ship consisting of a small boat suspended from four thin cop- 
per globes, each 20 feet in diameter. By forcing the air from these 
globes, deLana maintained that he could create a lighter-than-air vac- 
uum capable of lifting his ship into the air (Fig. 11). De Lana was the 
first man to point out the principles of aerostation (lighter-than-air 
flight). His theory was that evacuated globes would be lighter than the 
surrounding air and would therefore provide the buoyancy necessary 
to sustain flight. De Lana proposed to control his flight by carrying 
ballast* to govern his rate of climb and readmitting air into his globes 
to descend. He failed to recognize, however, that his globes would 
have collapsed under the weight of the outside air. De Lana refused to 
allow construction of his ship because of a prophetic belief concerning 
its possible role in war. “Where is the man,” he said, “who can fail to 
see that no city would be proof against surprise . . . iron weights 
could be hurled to wreck ships at sea, or they could be set on fire by 
fire balls and bombs; nor ships alone, but houses, fortresses and cities 
could be thus destroyed, with the certainty that the airship could come 
to no harm as the missiles could be hurled from a vast height.” 

LIGHTER-THAN-AIR FLIGHT 

The evolution of human flight followed two broad paths of develop- 
ment generally referred to as lighter-than-air and heavier-than-air 
flight. In terms of scientific principles applied to achieve the vertical 
force or lift essential to all flight, more appropriate references are 
buoyant and kinetic flight. Buoyant flight is the floating action of an 
object in the air; kinetic flight depends upon the relative motion be- 
tween an aircraft and the air. Both types of flight operate on the fun- 
damental principle that air has mass. In contrast to kinetic flight, 
buoyant flight applies a principle established by Archimedes in 250 
B.C., regarding the upward force that acts on a body immersed in 
fluid. 

According to this principle, a body immersed in a liquid experiences 
an upward force equal to the weight of the fluid which it displaces. In 
other words, the weight of one cubic foot of water is 62*/i pounds. If a 
solid cube having a volume of 1 cubic foot is placed in water, it will be 



* Something heavy as sand or water put into the car of a ballt ‘ >o to be thrown out If 
necessary to reduce the load. 
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acted upon by an upward force or lift of about 62Vi pounds. Ar- 
chimedes weighed a cubic foot of water, a cubic foot of wood, and a 
cubic foot of iron. He found that a cubic foot of wood is lighter than a 
cubic foot of water and that a cubic foot of iron is heavier. Therefore, 
a cubic foot of wood submerged in a cubic foot of water will rise in the 
water until the weight of its submerged part equals the weight of the 
water that it displaces. Archimedes reached a conclusion long taken 
for granted by modem man that an object will float if it is lighter than 
a like measure of water and sink if it is heavier. He reasoned further 
that, if objects lighter than water will float on the surface of water, 
then objects lighter than air will float on the surface of the atmos- 
phere. Since air at the earth’s surface is approximately 800 times 
lighter than sea water, any object, such as a balloon or airship, will ex- 
perience an upward force into the air similar to the force exerted on 
an object lighter than water. The problem, of course, was to design an 
object lighter than a like volume of air. 

The Montgolfier Brothers 

Following de Lana’s proposal for a lighter-than-air craft, more than 
100 years passed before any further advances were made in man’s ef- 
forts to achieve mechanical flight. Then, in the late eighteenth century 
at Annonay, France, about one month after the surrender of Cornwal- 
lis to Gen George Washington at Yorktown, Joseph and Etienne 
Montgolfier achieved man’s first practical victory oyer the force of 
gravity. After centuries of speculation on the possibilities of mechani- 
cal flight, man suddenly discovered through chemistry that he could 

fly- .. 

The Montgolfiers were partners in papermaking and were avid 
readers in popular science subjects of their day, especially subjects 
concerning the atmosphere. They were familiar with the “inflammable 
gas” called hydrogen invented by Henry Cavendish. They had tried to 
enclose this gas in various containers, but it tended to seep too rapidly 
through paper, linen, and silk to be of any practical use in aerial navi- 
gation. One day while observing smoke and sparks rise upward from 
his fireplace, Joseph reasoned that a bag filled with smoke should also 
rise. He believed that, by capturing the gas or whatever it was that 
lifted the smoke and sparks, he could use it to lift other things. Un- 
doubtedly, smoke must contain a gas similar to hydrogen but different 
because it might be enclosed in a bag. If, like clouds, smoke floats in 
the air, why not use it to make a bag float? He burned paper beneath 
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an oblong silk bag opened at the bottom, and, to his surprise, it rose 
immediately to the ceiling of his room. 

Joseph and Etienne repeated the experiment out of doors with a 
larger bag which rose to a height of about 70 feet before losing its 
buoyance. A second “balloon” sailed to a height over 1,000 feet and 
descended gently almost a mile away. By now, the brothers were con- 
vinced that smoke was the secret of their success. After experimenting 
with various kinds of smoke, they decided that the thick yellow smoke 
produced by burning wet straw and chopped wool had the greatest up- 
ward lift. It did not occur to them that the weight of the heated air in 
their bags was about half that of a similar volume of outside air. They 
did not understand that the bags contained less air because it had been 
expanded by heat. They thought that smoke alone had provided buoy- 
ancy. 

Confident that they had discovered the secret of flight, the Montgol- 
fiers arranged a public demonstration of a huge paper-lined linen bal- 
loon with a circumference of more than 100 feet. On 4 June 1783 in 
the public square of Annonay, they suspended their balloon on poles 
over a great pit filled with fire. As hot air and smoke entered the bag, 
it swelled to a full 38 feet in diameter and tugged violently at its 
ground ropes. When Joseph finally gave the release signal, the balloon 
soared majestically to an altitude of 6,000 feet and drifted for more 
than a mile before the aircooled and forced a landing (Fig. 12). 

The same year saw two additional flights of Montgolfier hot-air bal- 
loons. At the summons of King Louis XVI and Marie Antoinette on 
19 September 1783, the Montgolfiers staged a second demonstration. 
For this test flight, they included passengers (a sheep, a rooster, and a 
duck) in a wicker cage suspended beneath the balloon to determine 
whether the upper air would sustain life. This balloon rose to a height 
of ahout 1,500 feet and, after a flight of about eight minutes, landed in 
a plot of woods about two miles away. Although the rooster suffered a 
broken wing when the sheep stepped on it, the first aerial passengers 
were unharmed by the flight itself. The first man to reach the balloon 
was a young physician, Jean-Francois Pilatre de Rozier, who in a few 
weeks would be the first balloon pilot in history. 

Convinced that the upper air could sustain life, the Montgolfiers 
constructed a second giant balloon capable of carrying human passen- 
gers and a fire to generate a constant supply of hot air. Tliis balloon 
measured 74 feet from top to bottom and 48 feet in diameter. At the 
bottom of the balloon was a circular gallery with wicker rails to carry 
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Figure 12. A Montgolfier hot*air balloon over Annonoy, France in 1783. 



a two-man crew. A brazier hung under the gallery to provide a means 
of heating air and maintaining buoyancy. Compared with the sophisti- 
cated air and space vehicles of modem man, this flimsy linen and 
paper balloon with a blazing fire beneath it and no directional control 
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was indeed a risky transportation medium. Then, as now, the reward 
was the adventure of flight and the acclaim of onlookers. 

In November, after making several tethered ascents, the youthful de 
Rozier and the Marquis D’Arlandes climbed into the gallery for the 
first free flight of a man-carrying balloon. They stoked the fire in the 
brazier and “at fifty-four minutes past one o’clock passed safely over 
some high trees and ascended calmly and majestically into the atmos- 
phere.” Shortly after the balloon left its moorage, flames from the bra- 
zier scorched holes in the balloon, but de Rozier and D’Arlandes met 
this emergency with wet sponges. The balloon rose to a height of 
3,000 feet and carried its passengers more than five miles across Paris 
before landing 25 minutes later. 

News of the Montgolfier brothers’ achievements spread rapidly 
throughout Europe and North America as newspapers spoke of men 
traveling in a world where only eagles flew. Despite their initial suc- 
cess, however, the Montgolfier balloons were not the final answer to 
the problem of human flight. In the first place, they could remain 
afloat only with a constant supply of hot air. Since each balloon had to 
carry some form of airborne firepot, there was always the danger of 
fire. Sustained flight in a Montgolfier or hot-air balloon for long peri- 
ods was obviously impossible. In the second place, these early Mont- 
golfiers were always subject to the vagaries of the wind and had no 
means of mechanical control except up or down. 

GaS'Fillcd Balloons and Practical Parachutes 

So intrigued was the French Academy of Science with the Montgol- 
fiers’ accomplishment that it opened a subscription in Paris for a sci- 
entific investigation. The learned members of this distinguished 
organization could not understand how the search of centuries had sud- 
denly been fulfilled by mere amateurs. They engaged an outstanding 
physicist of the day, J. A. C. Charles, a man now known chiefly for his 
work on the properties of gases. From the first, Charles fully under- 
stood the secret of the Montgolfiers’ success — the reduced density of 
the hot air inside their balloons. This in turn suggested the use of hy- 
drogen, a light gas with a weight of 5.3 pounds per 1,000 cubic feet as 
compared with the 76 pounds per 1,000 cubic feet for air. Two scien- 
tists had experimented earlier with hydrogen-filled balloons and had 
failed because they had used material in their balloon envelope too po- 
rous to contain hydrogen. With the help of the Robert brothers who 
had developed a method of dissolving rubber, Charles constructed a 
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rubberized silk balloon 13 feet in diameter and filled it with hydrogen 
gas. 

He launched his balloon through a “copious shower of rain” on the 
afternoon of 27 August 1783, less than three months after the first as- 
cension of a Montgolfier balloon. A group of onlookers gasped with 
amazement as the balloon quickly disappeared at a height of 3,000 
feet. Among the spectators was Benjamin Franklin, to whom one cynic 
remarked, “What use is it?” Franklin’s reply was, “What use is a new- 
born baby?” Also among the spectators was Etienne Montgolfier, who 
protested to the Academy of Science that its experiment with a dan- 
gerous gas would bring fire and ruin to the countryside. One hour 
later, the balloon did burst about 20 miles from Paris over the village 
of Goneese. French farmers stood aghast as the mysterious object 
dropped from the sky, spewing sulphurous gas like some evil dragon. 
As it bounced over the ground, monks made the sign of the Cross, 
while the farmers attacked it with their pitchforks. Only after they 
found a note by Professor Charles on the bottom of the balloon did 
they return it to Paris. 

In December 1783, a crowd of more than 50,000 people saw 
Charles and one of the Robert brothers make the first flight of a 
manned hydrogen balloon. From the beginning, the superiority of the 
hydrogen balloon over the hot-air balloon was obvious. The Montgol- 
fier balloon required constant attention to keep it supplied with hot 
air; the Charles balloon, or Charliere as it became known, remained 
airborne for two hours with little effort from the crew. This balloon 
had a rubberized silk envelope about 27 feet in diameter. Its flight 
covered a distance of 27 miles at a height of about 2,000 feet. Later, 
Charles made a solo flight to an altitude of about two miles, discover- 
ing in the process that man could ascend only so high before he be- 
came subject to pain and possible death. 

For all practical purposes, Charles introduced in this balloon the 
details of construction and operation that were to endure for the next 
150 years, i.e., until new ideas and material made it possible to design 
stratospheric balloons. For example, Charles determined mathemati- 
cally the amount of hydrogen that his balloon would take without 
bursting. He suspended the passenger car from a hoop secured by a 
network of ropes that passed over the top of the balloon. For emer- 
gency use, he added an overhead gas escape valve operated by a rope 
to permit the balloon to descend rapidly. He carried 20-pound bags of 
sand for ballast and a grapnel (anchor) tied to the end of a rope for 
landing. 
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The impact of the Montgolfier and Charles flights on the public was 
immediate and spontaneous. People throughout the world suddenly 
became aware of an ocean of air two miles high waiting for explora- 
tion. Monarchs demanded explanations of the “new science of aerosta- 
tion,” and the balloon shape caught the fancy of people of all ages. In 
a period of about two years, people in the United States and Europe 
saw as many as 40 successful balloon flights. Balloons and balloon 
shapes appeared in science fiction. On toy counters, on handkerchiefs, 
dresses, and chinaware, and even on snuffboxes. A favorite sport of 
the day was to make homemade balloons, fill them with hydrogen, and 
watch them float away. Many people viewed the balloon as a new and 
revolutionary transportation medium. George Washington wrote: 
“Our friends in Paris, in a little time, will come flying thro’ the air in- 
stead of ploughing the ocean to get to America.” Benjamin Franklin 
dreamed of tying his horse to a balloon and making giant leaps over 
hedges and ditches. In a more serious vein, he demonstrated remarka- 
ble insight when he stated: “Since man may be supported in the air, 
nothing is wanted but some slight handy instruments to steer and di- 
rect motion.” 

For the next several years, the history of ballooning is the story of 
man floating through the air in larger balloons for longer distances. 
Despite increases in size and floating power, however, balloons still 
had no dependable controls and relied primarily on wind currents. In 
a flight across the English Channel in 1785, an American physician. 
Dr. Jeffries, and a French aeronaut, Blanchard, attempted to master 
the wind with a pair of silk-covered oars and a hand-operated fan, but 
to no avail. In the face of strong downdrafts, they cast everything 
overboard — food, navigating equipment, oars, fan, and even Blan- 
chard’s trousers. Just as they were about to strike the water, a strong 
wind carried them over the French coast where they halted their flight 
by snatching at treetops. 

In succeeding years, other balloonists added features that made for 
safer and more comfortable flights. In 1821, for example, Charles 
Green constructed the Great Nassau, a giant balloon of 85,000 cubic 
feet, and inflated it with coal gas tapped from a city gas main. Green 
created a kind of automatic ballast with a trailing guide rope. This 
rope not only regulated the lift of his balloon but also warned the bal- 
loonist of rising terrain. One of the largest balloons of the period was 
Le Geant, a gas-filled balloon with a capacity of 200,000 cubic feet. 
This balloon carried a large two-story car with a capacity for 13 pas- 
sengers. John Wise, the American counterpart of Charles Green, in- 
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vented the ripping panel, a device for rapid deflation after landing to 
prevent dangerous dragging over rough terrain. Ballooning also led to 
the development of the first parachute with modern configurations 
(arrangements of parts). A French aeronaut, Andrc-Jacqucs Gar- 
ncrin, made the first live parachute drop in 1797 from a balloon flying 
at an altitude of more than 3.000 feet. Early parachutes were rela- 
tively safe, but, like balloons, they could not be controlled in wind cur- 
rents. Jumpers almost without exception suffered from nausea caused 
by wild side to side motions as they descended. Eventually, vents in 
the crown of parachutes allowed air to escape, and this provided a sta- 
bilizing effect. 

Although a majority of early balloon flights were made solely for 
the adventure of flying, balloons also came to be used extensively for 
experimental purposes. With his first ascent. Professor Charles made 
scientific studies of air temperature and barometric pressure at various 
heights. Jeffries and Blanchard carried meteorological instruments to 
study air temperature, pressure, and humidity. And, in subsequent 
years, scientists used balloons to study variations in the earth’s mag- 
netic field at high altitudes. A British scientist, James Glaisher, made a 
total of 28 balloon flights between the years 1862 and 1886, conduct- 
ing experiments on behalf of the British Association for the Advance- 
ment of Science. On one flight, he rose at the rate of 1,000 feet per 
minute to a height of 25,000 feet and lost consciousness through a 
lack of oxygen. Thirteen minutes later, he recovered to find his bal- 
loon descending at the rate of 2,000 feet per minute. He estimated that 
he had reached a height of 37,000 feet, the highest that any man had 
ever been. 

Beginning in the mid-1800s and continuing through World War II, 
balloons played a variety of roles in the conduct of military operations. 
Balloons appeared as bomb-carrying devices for the first time in 1849 
over Venice, Italy, but changes in wind direction forced them back to 
their launching points. During the American Civil War, Thaddeus S. 
C. Lowe organized a balloon corps to observe the movements of Con- 
federate troops. Although the balloonists furnished valuable informa- 
tion to Union commanders, Lowe finally disbanded the corps for lack 
of men and financial support (Fig. 13). Balloons were used exten- 
sively for observation and reconnaissance during the Franco-Prussian 
War and the two world wars. Also, in both world wars, large numbers 
of tethered balloons were used to protect industrial and military cen- 
ters from air attacks. Despite these limited uses, however, balloons still 
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Figure 13. One of Thoddeus S. C. Lowe's balloons being inflated to observe Confederate 
troop movements during the Civil War. 

were largely at the mercy of prevailing winds and, therefore, were im- 
practical transportation media. 

Controlled Balloon Flight 

As mentioned earlier, balloonists made numerous attempts to de- 
velop some means of controlling their flights, but they were severely 
handicapped because they had no engines for propulsion. Sails were 
out of the question, and human effort could not provide enough thrust 
to justify the use of oars. As early as 1784, a French general, J. B. M. 
Meusnier, suggested a change from the spherical to the ellipsoidal (elon- 
gated) balloon as a means of reducing the resistance of air. No one 
knows whether Mcusnicr’s design came from his experience with ships 
or his observations of fish. Though not recognized at the time, it was 
the initial step toward the huge streamlined dirigibles of a century 
later. 

Meusnier suggested a car in the shape of a boat attached to the bal- 
loon by a system of rigging to prevent lateral swinging movements. For 
sustained flight, he recognized the need to maintain the shape of his 
balloon after he expelled hydrogen to control altitude. He proposed an 
envelope of several compartments, some filled with hydrogen and 
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Figure 14. A steerable ballaan designed by Henri Gifford In 1852. 



some with air. By pumping air into or out of the compartments, he 
could maintain a constant volume inside the balloon and, at the same 
time, adapt to changes in buoyancy. The most impractical part of his 
design was that he intended to drive his airship with three screw-pro- 
pellers operated by a crew of 80 men. If an engine had been available, 
there is little doubt that his airship would have equalled the nonrigid 
dirigibles of the late 1800s. 

Not until 1852, however, did man achieve his first success in steer- 
ing a balloon. Another Frenchman, Henri Giffard, built a cigar-shaped 
airship 144 feet long and 39 feet in diameter, driven by a three-horse- 
power steam engine. The engine alone weighed only 1 10 pounds, but, 
with its boiler and an hour’s supply of fuel and water, it weighed 460 
pounds. The car hung from a long horizontal pole carried by rope rig- 
ging from a net that passed over the envelope of the balloon. At one 
end of the pole or keel, Giffard attached a triangular vertical sail to 
serve as the rudder (Fig. 14). Early on the morning of 24 September 
1852, he donned a checkered silk vest and a stovepipe hat and entered 
his steam-driven airship for its first test flight. Under a full head of 
steam, the engine started the huge propeller spinning with a heavy 
roar, and Giffard rose into the air to the cheers of a great crowd of 
people. He chugged over Paris at a speed of about 5 miles per hour 
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and finally reached Trappe, 17 miles away. When he attempted to re- 
turn to his starting point, he found that his engine did not have suffi- 
cient power to overcome a strong wind. After remaining aloft all night, 
he landed successfully the next morning to the acclaims of a jubilant 
press that saluted him as “the Robert Fulton of the air.” He was the 
forerunner of the dirigible, an airship that could be directed, con- 
trolled, and steered from takeoff to landing. 

Although Meusnier and Giffard paved the way for future designers 
of airships, it was almost 100 years before any further significant ad- 
vances were made in flying. Despite Giffard’s initial success with a 
powered airship, his engine was far too heavy for operational use. Suc- 
cessful powered flight depended upon the development of a light- 
weight engine with sufficient power to overcome wind resistance. What 
appeared to be a significant advance came in 1872 when a German 
engineer, Paul Hanicin, built an airship 164 feet long and equipped it 
with a four-cylinder gasoline engine — the first known internal combus- 
tion engine* used in an aircraft. Using coal gas taken from the balloon 
envelope, this engine generated 3.6 horsepower and weighed approxi- 
mately 205 pounds per horsepower. Not only did the weight of the en- 
gine reduce initial lift, but lift also decreased during a journey as the 
engine consumed gas from the balloon. Hanlein achieved speeds up to 
10 miles per hour on test runs, but he had to discontinue his experi- 
ments for lack of funds. 

Another airship. La France, constructed by C. Rcnard and A. C. 
Krebs carried a nine-horsepower electric motor that operated from 
specially designed batteries and drove a tractor propeller** 23 feet in 
diameter. Although the complete power plant weighed 130 pounds per 
horsepower, La France reached speeds of 14 miles per hour, a definite 
improvement in engine performance. Like her predecessors, however. 
La France was limited by her electrical propulsion system. Sufficient 
batteries to generate power for any length of time added excessive 
weight. 

The first rigid airship appeared in 1897 when an Austrian David 
Schwarz built a balloon envelope of sheet aluminum eight thousandths 
of an inch thick, secured to a tubular aluminum frame. A 12-horse- 
power gasoline engine drove two aluminum propellers, one on each 
side of the hull which was 154 feet long. On its maiden flight, this air- 
ship reached a speed of 16 miles per hour, but it was completely de- 

to *givc ^tluTcnSnc motion P*’***^*’® of gases formed by combustion or fuel is directly used 

••A propeller that pulls rather than pushes an airplane through the air. 
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molislied four miles from its starting point when it was forced to land 
by mechanical troubles, leaking gas, and bad weather. Like other en- 
gines of the day, Schwarz’s engine generated too little power for its 
weight and size. 

For almost a century, progress in airship development lagged simply 
because engine design had not kept pace. It was impossible not only to 
build practical airships but also to solve practical problems associated 
with airships in flight. Further progress in flying came only after inter- 
nal combustion engines reached an advanced stage of development in 
the early part of the twentieth century. 

Nonrigid and Rigid Dirigibles 

Controlled powered flight of lighter-than-air vehicles became possi- 
ble when the spherical balloon changed to the elongated or ellipsoidal 
nonrigid airship or dirigible. Although this type of airship was a signif- 
icant step in man’s ability to fly, it had serious limitations as a practi- 
cal transportation medium. Its shape could be maintained only by 
internal gas pressure, and internal pressure always had to exceed atmos- 
pheric pressure by a margin that varied according to speed and load. 
Otherwise, the balloon envelope would either buckle under the pres- 
sure of external forces or become severely distorted. These difficulties, 
of course, increased with the size of the balloon and, for years, limited 
nonrigid balloons to a capacity of about 500,000 cubic feet. 

As balloon technology advanced, however, balloon envelopes were 
stiffened by rigid keels and became known as semirigids. The keels of 
these airships extended along most of the length of the envelope and 
carried the loads consisting of engines and passengers. Giffard sus- 
pended his keel below the balloon envelope and secured it by means of 
rigging. His balloon and others of his day were not semirigid in the 
strict sense because they had external keels over only a part of their 
total length. The true semirigids carried their keels inside their enve- 
lopes from end to end. 

As a practical flying machine, the dirigible made its most notewor- 
thy advances with the contributions of Count Ferdinand von Zeppelin 
in Germany and Alberto Santos-Dumont, a wealthy Brazilian of 
French descent. Both men successfully used internal combustion en- 
gines to power lighter-than-air craft. Although von Zeppelin perfected 
the dirigible for public use, it was Santos-Dumont who ushered in the 
era of the powered gas bag. His first nonrigid airship was a small ves- 
sel 82 feet long, driven by a three-horsepower gasoline motor. On its 
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first flight, it reached a height of 1,300 feet and responded readily to 
movements of its rudder. During this period between 1898 and 1907, 
he constructed and flew 14 gasoline-powered nonrigid airships. On his 
largest vessel of 157 feet, he used a 20-horsepower engine, and, on an- 
other, he carried an engine that developed 60 horsepower. He became 
the idol of Paris in 1901, when he piloted a blimp driven by a 12- 
horsepower motor from St. Cloud around the Eiffel Tower, a distance 
of nine miles. Despite a side wind of 12 to 13 miles per hour, he de- 
veloped a speed of 19 miles per hour and covered the distance in less 
than one-half hour. About the time that he completed his fourteenth 
airship, Santos-Dumont became interested in the winged flights of the 
Wright brothers in the United States. He abandoned the airship alto- 
gether and followed the attraction of this new development in air 
travel. He would later make his mark as one of the pioneers of winged 
flight. 

Meanwhile, dirigibles continued to grow in size and efficiency, par- 
ticularly in France, Germany, and Italy. One of the most significant 
advances came during the early decades of the twentieth century with 
the development of the rigid airship. This was the age when giant, tor- 
pedo-shaped dirigibles began making regularly scheduled passenger 
flights and establishing world distance records. For the first 25 years 
of this century, people considered the terms rigid airship and Zeppelin 
virtually synonymous because of Count von Zeppelin’s pioneering 
work. Zeppelin began his first experimental dirigible in a floating shed 
on Lake Constance, Germany. Extremely large for the time, this ship 
took the form of a relatively slender cylinder, 420 feet in length and 
38 feet in diameter, with a rounded nose and pointed stem. 

Although the giant dirigibles represented a step forward in man’s 
ability to fly, they were at best a risky form of travel. Improved engine 
and propeller design brought sustained flight and controllability, but 
hydrogen was just as explosive as ever. Even with helium gas used in 
United States dirigibles, disaster seemed always at hand. The size of 
these airships and the volume of gas needed to keep them afloat made 
them vulnerable targets for storms and high winds. More than half of 
the Zeppelin dirigibles built in 1914 came to violent ends either by ex- 
plosions, engine failures, or crashes caused by windstorms. One of the 
most successful rigid dirigibles was the Graf Zeppelin, launched at 
Friedrichshafen, Germany, in September 1928. This remarkable air- 
ship inspired widespread interest in the possibilities of regular passen- 
ger service in Germany, the United States, and Great Britain. 
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The Graf Zeppelin was larger than any of its predecessors — 772 
feet long and 100 feet in diameter with a volume of 3,710,000 cubic 
feet. Its framework was made of duralumin, a strong, lightweight alloy 
of aluminum with copper, manganese, magnesium, and silicon. Five 
530-horsepower engines gave the dirigible a top speed of 80 miles per 
hour. Passenger accommodations included a dining room, sleeping 
compartments, and a saloon in the rear of a gondola attached to the 
hull. In the front of the gondola was the control position, navigating 
cabin, and a radio compartment. Wind-driven generators provided 
electric power for lighting and heating. 

On its maiden flight, the Graf Zeppelin flew from Friedrichshafen, 
Germany, to Lakehurst, New Jersey, a distance of 3,971 miles, in 
about 4Vi days. It made the return trip in about 3 days and estab- 
lished a world airship record, unbroken to this day, for distance in a 
straight line without landing. In 1929, it made a round-the-world 
flight, a distance of about 20,500 miles during a period of three weeks. 
With these outstanding successes by 1930, it began regularly sched- 
uled passenger and mail service across the Atlantic from Germany to 
South America, continuing each summer without mishap until 1937. It 
covered more than one million miles and carried approximately 
13,000 passengers. 

Encouraged by the achievements of the Graf Zeppelin, the United 
States, Great Britain, and France constructed airships based on the 
Zeppelin design, but, after a series of disasters, all three countries lost 
interest in dirigibles as passenger aircraft. Germany continued to build 
Zeppelins and, in 1936, launched the Hindenburg, the world’s largest 
airship (Fig. 15). It was 803 feet long with a maximum diameter 
of 135 feet and a volume of more than 7 million cubic feet (almost 
twice that of the Graf Zeppelin). On 3 May 1937, it left Germany 
with 97 passengers for its first transatlantic crossing of the year to 
North America. As it approached its mooring at Lakehurst, New Jer- 
sey, three days later, it suddenly burst into flames and within seconds 
became a raging inferno. Thirty-six people lost their lives, and numer- 
ous survivors suffered horrible bums. The exact cause of this disaster 
is an unsolved mystery, but an inquiry established the probable cause 
as leaking hydrogen ignited either by static electricity or lightning. Tlie 
destruction of the Hindenburg brought an end to the era of passen- 
ger-caking dirigibles. Today, dirigibles survive primarily as small 
nonrigid airships used for advertising purposes. 

A^r thousands of years, buoyant or lighter-than-air vehicles finally 
provided man with at least a partial fulfillment of his age-old desire to 
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Figure 15. The Graf Zeppelin and the Hindenburg were two famous dirigibles that made 
regularly scheduled transatlantic flights. 



fly. With a “cloud” enclosed in a bag, he created worldwide airmind- 
i edness and acquired new knowledge that would ultimately lead to even 

f 8^3ter achievements in winged flight. Balloons and dirigibles freed 

i him from his bondage to the earth, but they wrote a conflicting record 

I of achievement and disaster that left buoyant flight with a past but no 

[ He still had to create a mechanical device sufficiently reliable 

> to overcome nature’s moods. 






For centuries, man could only dream of flying as he watched the 
birds soar with no apparent effort through the skies above him. Realiz- 
ing his own inability to fly, he vested his gods and other superhuman 
creatures with the gift of flight. In myth and legend, he described in 
detail the flights of his favorite deities and heroes. Not until he sent 
gas-filled balloons into the air less than 200 years ago did he make any 
progress in mechanical flight. He did not achieve powered flight until 
the first decade of the twentieth century. 
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Human flight followed two broad paths of development generally 
known as lighter-than-air and heavier-than-air flight. TTie first lighter- 
than-air flight came with the smoke-filled balloons of the Montgol- 
fier brothers in 1783 and with the hydrogen balloons of J.A.C. 
Charles in the same year. Although balloons provided the means for 
man to float through the air, they were always at the mercy of the 
wind and other natural phenomena. Despite numerous attempts to de- 
velop some means of control, balloonists were for the most part unsuc- 
cessful until the spherical balloon advanced to the ellipsoidal dirigible. 

The giant dirigibles of the early twentieth century represent man’s 
most significant advances in lighter-than-air flight. With these giants of 
early air travel, man not only established world flight records but also 
learned much that he could apply to winged flight. Like other forms of 
buoyant flight, however, they were at best risky forms of travel. Al- 
though improved engines and propellers made sustained and con- 
trolled flight a reality, hydrogen was just as explosive as ever. Even 
after helium gas replaced hydrogen, disaster seemed always at hand. 
With the exception of the G/af Zeppelin, practically all dirigibles came 
to violent ends either by explosions, engine failures, or crashes. Theirs 
was a conflicting record of achievement and disaster that left buoyant 
flight with a past but no future. Man still had to create a reliable flying 
machine. 



WORDS AND PHRASES TO REMEMBER 



aerodynamics 

airscrew 

ballast 

buoyant flight 
configuration 
dirigible 
duralumin 



ellipsoidal 

internal combustion engine 

kinetic flight 

lift 



ornithopter 
tractor propeller 



NAMES TO REMEMBER 



Charles, J. A. C. 
Da Vinci, Leonardo 
De Lana, Francesco 



Green, Charles 



Hanlein, Paul 
Hindenburg 
Krebs, A. C. 



Garnerin, Andre-Jacques 



Giffard, Henri 
Graf Zeppelin 



Lowe, Thaddeus S. C. 
Meusnier, J. B. M. 
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Montgolfier, Joseph and Etienne Schwarz, David 



Renard, C. 

Santos-Dumont, Alberto 



Von Zeppelin. Count Ferdinand 
Wise, John 



QUESTIONS 



1. What were some of the resources used by early man before he recognized 
their significance in aeronautics? 

2. How did early man compensate for his inability to fly? Discuss some of 
the legends that gave expression to man’s desire to fly. 

3. What were the contributions made by such men as Leonardo da Vinci and 
Francesco de Lana to aeronautical science? 

4. What is the difference between buoyant and kinetic flight? How docs 
buoyant flight apply to a basic principle established by Archimedes in 250 
B.C.? 

5. Describe the achievements of the Montgolfier brothers in lightcr-than-air 
flight. 

6. What specific improvements did J.A.C. Charles introduce in the construe* 
tion of balloons? 

7. Describe the impact of early balloon flights on the public and such men as 
Benjamin Franklin and George Washington* 

8. What contributions did Charles Green, John Wise, and Andre Jacques 
Gamcrin make to lightcr-than-air flight? 

9. Describe the ellipsoidal balloons of J.B.M. Meusnier and Henri Giffard. 
What was their significance in the evolution of human flight? Why did 
these balloons fall short of achieving sustained flight? 

10. Explain why progress in airship development lagged for almost a century 
after David Schwarz introduced the first rigid airship. 

11. Describe the lightcr*than*air craft of Alberto Santos*Dumont and Count 
Ferdinand von Zeppelin. What two major improvements did Zeppelin’s 
dirigibles bring in man’s ability to fly? 

12. Discuss the achievements of the Graf Zeppelin and the Hindenburg. Why 
were the giant zeppelins a step forward but not the final answer in man’s 
search for the secret of flight? 



1. Read and report to class on some of the early myths and legends that were 
expressions of man*s desire to fly. 

2. Organize a scrapbook showing pictures of early lighter-than-air vehicles. 
Start with the Montgolfier balloon and include pictures that show how bal* 
loon flight finally led to the flights of giant dirigibles. 

3. Conduct an experiment to show how the Archimedian principle applies to 
buoyant flight. 



THINGS TO DO 
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Winged Flight: A Reality 



IN THIS CHAPTER, you will tee how the powered 
^ olrcroft emerged from eorty experiments with 
gliders and developed Into on effective weapon of 
wor. The chopter first traces the development of 
gliding and the Innovations thot led to controlled 
flight. It then reldtes how the Wright brothers 
Invent^ , and developed the world's first power^ 
airplane capable of sustained ond controlled flight. 

It discusses subsequent achievements of the Wrights 
; and those of Eurdpeon air enthusiasts In aviation 
*®^*^®*» ■ The^ ehap^r concludes with a .discussion 
of major. Innovations In, the airplone just prior 
to World Wor I, the alrplone's wartime role, and 
the, effects of; war on Its Iraslc design. When you 
have studied this chapter, you should t (1) be able . 
to explain how the principles of flight were ex- 
. plored and opptted In gilder experiments; ; (2) 
know Mme; of .the ; I^ders In ^glider development 
i and explain ^the^Importdnee'df their work In the 
evolution of the airplane; (3) be familiar with the 
.story of Orville and Wilbur Wright and under* . 
stand the stgntf lea nee of their achievements; (4)/ 
be able to trdee the development of powered 
flight and. In addition to the Wright brothers,' the 
con^Ibuttons of other personolltles to progress In 
oviatlon; (5) / know » how . the olrpla ne became a - • 
WMpdn of Wor and the' Importont change brought 
' by war In alicraft design^ ; ^ ; 



1\^ AN UNDERSTOOD the scientific 
^ ^ bases of both kinetic and buoyant 
fli^it for more than 100 years before the 
first balloon flight by the Montgolfier broth- 
ers. And yet, practically all earlier efforts to 
fly had been kinetic in nature. A partial ex- 
planation lies in the fact that birds themselves 
do not depend on buoyancy to fly. Mar for 
the most part imitated the birds cither by fit- 
ting himself with flapping wings or enclosing 
himself in a machine that would fly under his 
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control. In all of his attempts, however, he invariably faced the problem 
of moving with enough speed to generate the necessary lift. His own 
muscles were inadequate, and engines with a proper power/weight ratio 
were not available. 

Heavier-than-air flight made little progress until man realized that 
wing-flapping was not the answer to his dilemma. For centuries, he 
searched for the secret of flight in the simple wing movements of birds, 
but he failed to recognize that birds also fly without flapping their 
wings. To the naked eye, birds appear to swim through the air with 
wing movements similar to a man swimming in water. In reality, they 
achieve propulsion, lift, and braking power by varying the shape and 
position of their wings. They can make almost infinite changes in the 
camber (curve), angle of incidence (the angle at which the wing 
meets the body or “fuselage”), the dihedral,* and even the area of 
their wings. In so doing, they apply many of the same aerodynamic 
principles as modem aircraft in flying, taking off, and landing. Leon- 
ardo da Vinci and other advocates of kinetic flight stood at the thresh- 
old of successful winged flight when they imitated the wing movements 
of birds. They failed in their efforts when they accepted the false 
premise that birds fly only by means of simple up and down wing 
movements. Wings extended and motionless held the secret of human 
flight. 



HEAMER-THAN-AIR FLIGHT 

Unlike buoyant flight, heavier-than-air or kinetic flight depends 
upon the application of power or energy to the resistance of the air. 
This type of flight applies both Sir Isaac Newton’s third law of motion 
and the Bernoulli principle. Newton’s law states that, for every action, 
there is an equal and opposite reaction. Bernoulli’s principle states 
that, as the speed of the air at a given point increases, the pres- 
sure at that point decreases. As air hits the lower surface of the wing, 
it is deflected downward (action), and the wing is pushed upward (re- 
action). Also, according to Bernoulli’s principle, the curved upper sur- 
face of the wing increases the speed of air flowing over it, and a differ- 
ence in pressure results between the upper and lower surfaces of the 
wing. This difference in pressure lifts the airplane upward. Kinetic lift, 
therefore, depends upon the relative motion between the aircraft and 
the air. It is achieved through the medium of an engine which either 

• The upward or downward {nclination of an airplane's wlnji or other supporting surface 
in respect to the horizontal. If the inclination is upward, the dihedral is positive; if downward, 
negative. 
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WINGED FLIGHT; A REALITY 

drives an aircraft forward through the air or causes a lifting rotor 
blade to turn. Buoyant lift requires only that the total weight of a vehi- 
cle is less than the total weight of the air it displaees. 

The Bcginnini^ of Practical Aviation 

It took exactly 1 10 years for the praetieal powered airplane to ad- 
vanee from an idea to reality. Tlie process began with the work of Sir 
George Cayley in 1799 and ended in 1909 when the Wright brothers 
demonstrated that powered flight was technically mature. George Cay- 
ley was only nine years old in 1783 when the first Montgolfier bal- 
loons floated on the wind from France to England. Like other boys of 
his day, he designed and flew paper balloons. While in his teens, he 
built a helicopter deviee equipped with small propellers made of feath- 
ers and driven by a whalebone bow. Thoroughly eonvinced that he 
could solve the problem of a heavier-than-air flight, he spent his life- 
time as an advocate of winged flight. In 1799, he stated the problem 
of mechanical flight in these words: “. . . to make a surface support 
a given weight by the application of power to the resistanee of the air.” 
In theory, he was taking his first and most important step away from 
the centuries-old tradition of ornithopters. 

To test his theory, he construeted a whirling-arm deviee to study the 
effeets of air pressure on a square surface at various angles of ineid- 
ence. He followed his experiment with a model glider that established 
the basic design of all airplanes (Fig. 16). This simple glider was 
made of an ordinary diamond-shaped kite mounted on a slender pole 
about five feet long. On the opposite end, he used a swivel joint to at- 
tach a tail assembly that served as the rudder and elevator control. 
With its forward wing for lift, a tailplane for stability, and a connect- 
ing fuselage, this glider had the basic configuration of modem aircraft. 

After eonstructing and flying a number of gliders, one with a wing 
area of 200 square feet, Cayley wrote his findings in a paper entitled 
“On Aerial Navigation,” which ranks as one of the greatest contribu- 
tions to winged flight ever made. In it, Cayley set forth basic principles 
of aerodynamics that guided the development of airplanes for 1 00 years. 
Here for the first time, a scientist provided a systematic account of his 
experiments in winged flight. He included lengthy discussions of the 
dihedral angle and its role in achieving lateral stability*. He believed 
that flight could be stabilized by setting the wings of an airplane at a 
slight angle to form the profile of a shallow “V.” He called attention to 



• The stab!!Uy ot on aircraft against lateral movement, such as sideslipping or yawing. 



